Lead is one of the fundamentally risky metal ions existing in wastewater. A laboratory batch technique carried out to study the impact of initial concentration, pH, temperature, a dose of adsorbent and contact time on the elimination of lead ions onto oil shell sedimentary rock as natural clay. Two natural inorganic composites Kaolinite/Smectite-A and Kaolinite/ Smectite-B have been used. The lead removal enlarged with rising initial metal solution concentration, contact time and pH. The elimination reaction speed was high at the initial period of contact time and then decreased to attain equilibrium at 45, 30 min for Kaolinite/Smectite-A and Kaolinite/Smectite-B adsorbents, respectively. Mutually, Langmuir and Freundlich's isotherms are applicable to describe the metals adsorption and thermodynamic parameters ΔG; ΔS and ΔH were calculated indicating that the adsorption process is physisorption, spur-of-the-moment and endothermic.
Introduction
Environmental pollution became one of the common important subjects that attract the attention of many scientists at the present time . Toxic metals have a dangerous impact on human health, and these substances may go into human body either directly in drinking water or indirectly via food, plant, fish, and meat. The discharge of great amounts of unsafe metals into the natural environment has caused a number of environmental troubles and due to their non-biodegradability and persistence, can collect in the environmental elements such as food chain, and thus may cause a major risk to human health. Hazardous metals include toxic heavy metal as a byproduct of various industries such as lead, copper, cadmium, and radionuclides as a byproduct nuclear facilities (i.e., nuclear power plants, fuel reprocessing plants, and nuclear research centers) such as cobalt and cesium and others (El-Maghrabi et al. 2017) .
Kaolinite and smectite are found as a common constituent of soils and sediments. When different types of pollutants in domestic sewage, industrial effluents, sludge and other solid wastes are dumped on the earth surface, the soil particles including Kaolinite and smectite minerals can interact with the pollutants. The Kaolinite and smectite minerals in soil may therefore play a role in scavenging pollutants from the environment. Kaolinite and smectite have a low CEC of the order of 3-20 meq/100 g, and therefore it is not expected to be an ion exchanger of high order. Thus, Kaolinite and smectite mineral can be a potential adsorbent owing to its low cost, rich natural abundance, and high mechanical and chemical stability. Consequently, Kaolinite and smectite mineral should exhibit significant potential for use in the adsorption and separation of heavy metals. Yet few studies 1 3 7 Page 2 of 13 have investigated the suitability of acid-treated clay minerals for heavy metals capture or their adsorption mechanism. The small number of exchange sites is located on the surface of kaolinite and it has no interlayer exchange site. Nevertheless, the small CEC and the adsorption properties may play an effective role in scavenging inorganic and organic pollutants from water. Lead can damage central nervous system and reproductive system, kidney, liver, basic cellular processes and brain functions. It causes many toxic symptoms such as anemia, insomnia, headache, dizziness, irritability, weakness of muscles hallucination and renal damages . Different tools can be used for the management of wastewater. The removal of these metals from industrial wastewaters has recently become more profound with increasing industrial activities. There are many highfrequency techniques which can be used to remove heavy metal ions as chemical precipitation, ion exchange, evaporation and solvent extraction. Reverse osmosis, ultra-filtration, and micro-filtration process are considered as less frequently used methods. A mixture of diverse methods may be applied to improve the overall decontamination factor, but the best one is ion exchange technique because it is simple and can be regenerated to get back the metal ions again to benefit from them in various fields. This study depends on clay as natural materials because they are environmentally friendly as well as cheap and available in order to achieve the principle of sustainable development and reduce the emissions that cause the phenomenon of climate change threatening life on the planet (Farrag et al. 2016a ). Clays were classified according to their crystal structure and the amount and locations of electric charge (deficit or excess) per unit cell into crystalline clays range from kaolin, which are relatively uniform in chemical composition, to smectite, which vary in their composition, cation exchange properties, and ability to expand. Kaolin is composing of alumino-silicates in nature arranged in an open box crystal structure which is occupied by cations and water molecules. Ionic exchange and reversible rehydration happened between these ions and water molecules in large cavities (Farrag et al. 2016b) .
Finally, this research aims to determine lead adsorption behavior from aqueous solution onto two natural composite materials Kaolinite/Smectite-A and Kaolinite/Smectite-B as natural clay was taken from oil shell sedimentary rock.
Preparation of clay
The clay obtained from Wasif and Bayda, Egypt was treated by contacting 50 g of clay with 500 mL of H 2 O 2 and then, 0.1 M HCl for 2 h to remove organic material and metal ions salts, respectively. Finally, the treated clay was washed with an excess of hot deionized water, decanted, and sundried. The samples were then pulverized and passed through mesh sieves of sizes 500-800 µm to obtain acid modified clay (Fathy et al. 2015a ). The two types are then treated with caustic soda 20% weight/weight at 400 °C for 2 h. The outside rock is washed with distilled water and then treated by sulfuric acid again 20% volume/volume for 2 h at 40 °C, Then dried in the oven for 24 h and left to cool afterward for use in treatment.
Characterization of clay
The infrared spectroscopy of modified samples was obtained by using a Fourier transform infrared (FT-IR) spectrometer (Fourier-380FT-IR, America). The crystallinity of the clay was determined by powder X-ray diffraction (X' Pert Pro MPD, Holland) with filtered Cu Kα radiation operated at 40 kV and 40 mA. Solid morphology and average crystal size were determined by scanning electron microscopy (SEM) (Philips-FEI XL30 ESEM-TMP, Holland).
The general procedure of adsorption
A binary stock solution of 1000 mg/L containing Pb 2+ ions was prepared by dissolving a known amount of its respective salt in 1 L of deionized water. From the stock solution, different concentrations from 125 to 500 mg/L were prepared. The pH of the solution was adjusted between 1.0 and 5.0 using pH meter instrument, 0.1 M NaOH or 0.1 M HCl was added dropwise if required. The adsorption experiments carried out in 100 mL Erlenmeyer flasks by adding 1 g adsorbent clay to 50 mL of the aqueous metal ion solution. The mixture was shaking at the certain agitation speed (250 rpm) for 15-120 min (Farrag et al. 2016a ). The temperature change was between 30 and 75 °C. Then, the content was centrifuged and absorbance was recorded by using a UV-visible spectrophotometer.
The capacities of Kaolinite/Smectite-A and Kaolinite/ Smectite-B samples were determined by batch experiment technique. 1 g of the solid material was equilibrated with 50 mL of ionic strength about 0.1 (Pb 2+ ) chloride solution with V/m ratio equal 50 mL/g for Kaolinite/Smectite-A and Kaolinite/Smectite-B composites samples. Shaker thermostat was used at 30 ± 1 °C. After overnight standing the solid was separated and metal ion concentration was measured instrumentally (UV-visible spectrophotometer). The capacity value was calculated by the following formula; where C 0 is the initial concentration of the ions in solution, V is the solution volume, m is the sorbent mass and Z is the valence of the exchanged ions.
Chemical stability
The chemical stability for two composite Kaolinite/Smectite-A and Kaolinite/Smectite-B was studied in water, acid (HNO 3 and HCl) at different concentrations [0.5, 1, 2, 3, 4, 5, 6 and 7 M] and base (KOH and NaOH) at different concentrations [0.1 M and 1 M], by mixing 100 mg of each composites Kaolinite/Smectite-A and Kaolinite/Smectite-B and 100 mL of the desired solution with intermittent shaking for about 1 week at 30 ± 1 °C (Fathy et al. 2014a ).
PH titration
The pH titration method for the two composite Kaolinite/ Smectite-A and Kaolinite/Smectite-B carried out as follow; (0.3 g) of them placed in a column fitted with glass wool at its bottom. A glass bottle containing 50 mL of 0.001 M HCl placed below the column, and for determination of pH, a glass electrode placed in the solution, then 100 mL of 0.01 M (LiOH, NaOH, and KOH) poured into the column (Fathy et al. 2015b ). Titration carried out by passing the alkali metal hydroxide at a drop rate of about 10 drops/min and continued to a pH of about ≈ 10.
(1)
Results and discussion

Characterization of the clay sample
XRD analysis of oil shell
Two samples were examined using XRD instrument; results are shown below. From examination, the XRD pattern of two composites Kaolinite/Smectite-A (49.48/50.52) and Kaolinite/Smectite-B (22.48/77.52) kaolinite/smectite, respectively, from Wasif and Bayda, Egypt shows that it is a very small crystal that's mainly X-ray amorphous. Some minerals could be identified with more or less certainty ( Fig. 1) : quartz SiO2 7.61-62.76%, calcite 85.26-26.09%, Gypsum 3.35%, apatite 2.71% and some trace elements as seen in following two Tables 1 and 2 . A kaolinite smectite yield X-ray diffraction pattern characterized by basal reflections that vary with minerals composition. The minerals were exposed to certain organic molecules, heat treatment, and exchangeable cations (Fernandez-Álvarez et al. 2010) .
Composite XRD pattern represents a completely crystalline material. Figure 1 for smectite and kaolin composites shows clear reflections at the value of 2θ ranges between 12 and 25 which characteristics for kaolinite and another reflection around 5 characteristics for smectite.
FTIR analysis
It is important to determine the characteristic surface groups of Kaolinite/Smectite-A and Kaolinite/Smectite-B that are responsible for the adsorption of metal ions. Non-Fourier spectroscopy (FTIR) analysis was used to determine the functional groups. When Kaolinite/Smectite-A and Kaolinite/Smectite-B were saturated with Pb 2+ cations, the colors and shapes of the IR bands (Fig. 2) . The FTIR spectrum of Kaolinite/Smectite-A and Kaolinite/Smectite-B was used to obtain the data for the functional group elongation and flexion vibrations. The Si-O elongation vibration of the smectite is seen around 1045 cm −1 . The Si-O stretch vibration of the smectite can be affected in the mineral adsorbed water. Water molecules were partially expelled by the measurement units as indicated by weak water bands in the sense of 1645 cm −1 (for example, Fig. 2 ), and 3400 cm −1 (spectra not shown). The living environment is a self-stretching band. However, several authors found that when content decreased in saturation assemblers with + Na + , the band of 1045 cm −1 became weaker. As the 1.044 cm −1 bands of the Kaolinite/ Smectite-A and Kaolinite/Smectite-B composites studied here were improved, but not weakened (Karime et al. 2008) .
The FTIR spectra of two composite adsorbents Kaolinite/ Smectite-A and Kaolinite/Smectite-B are shown in Fig. 2 . The FTIR spectral analysis of kaolinite smectite composite powder shows a distinct peak at 713.66, 875.68, 1419.61, 2515.18, 2912.5 and 3410.15 (1/cm). The peak is observed at 3410.15 (1/cm) due to the presence of alcoholic hydroxyl group (-OH) stretching. This result suggests that Pb 2+ interacts with metal oxides and -OH functional group presented in the kaolinite/smectite composite powder.
SEM micrographs and observations
SEM micrographs of two composite adsorbents Kaolinite/ Smectite-A and Kaolinite/Smectite-B are represented in Fig. 3 . SEM micrographs of clay composites present homogeneous surfaces in the form of plates. This flocculated fabrics typical of highly swelling soils with high salt concentrations which reduces the interparticle repulsion. The sample has the open structure (e.g., cornflake microstructure, Fig. 3 ). The open structure formed by kaolinite smectite laminar particles that contact either edge-to-edge or edgeto-face (Pyne and Howard 2004) . Two composite adsorbents Kaolinite/Smectite-A and Kaolinite/Smectite-B appear (but not necessarily) ultrafine-grained. Ultrafine-grained particles are considered to be < 2 μm in size on standard particle size classifications. Usually, the ultrafine grains require special analytical techniques for their identification and study. The kaolinite smectite composite is made of different sizes of clusters. Clusters prevail with spherules particles. Porosity is observed on the clay surface that results in interesting adsorbent properties. In general, it can be observed that total fabrics are completely isotropic. Fabrics are suggested to be formed by random (non-oriented) array of particles.
PH titration
The results are shown in Fig. 4 . Figure 4 shows the pHtitration curve of two composites Kaolinite/Smectite-A and Kaolinite/Smectite-B. In Fig. 4 , the X-axis represents the number of 0.01 M alkali metal hydroxide (LiOH, NaOH or KOH) millimoles passed through grams of two composites Kaolinite/Smectite-A and Kaolinite/Smectite-B. Y-axis shows the pH value of the effluent passed through the column. The pH titration curve of two composites Kaolinite/Smectite-A and Kaolinite/Smectite-B under study shows only one inflection point indicating that two composite Kaolinite/Smectite-A andKaolinite/Smectite-B behaves as monofunctional. Furthermore, strong cation exchanger can be identified as indicated by low pH (~ 3) of the solution even with no OH − ions added to the system. The rate of H + -Na + exchange is faster than H + -Li + and H + -K + exchanges. The adsorption behavior of alkali metals is observed to be in the order of Na(I) > Li(I) > K(I) in acidic and basic media (Zhu et al. 2016a ).
Chemical stability
It was found that the two composites Kaolinite/Smectite-A and Kaolinite/Smectite-B samples are stable in water and acid solutions up to 6 M HNO 3 and HCl, while the samples are completely dissolved in 7 M acids as shown in Table 3 . Two composites Kaolinite/Smectite-A and Kaolinite/Smectite-B samples are completely dissolved in 0.1 M and 1 M (NaOH and KOH) (Zhu et al. 2016b ). The chemical stability of the prepared polyaniline silicotitanate is higher than silicotitanate; this proves that the prepared composite overcame the low chemical stability of inorganic (SiTi).
The general procedure of adsorption
Effect of pH
The pH of the aqueous solution has a significant effect on the adsorptive absorption of isomers presumably due to the impact of the pH at both sites of binding of the surface of the adsorbent and in the presence of hydrogen in solution. The influence of pH on the adsorption of Pb 2+ ions was studied in the pH range from 1 to 5. Figure 5 shows that the adsorption of Pb 2+ ions increased with increasing pH from 1 to 3 for two adsorbents Kaolinite/Smectite-A and 
Distribution studies
The potential use of Kaolinite/Smectite-A and Kaolinite/ Smectite-B in separation involving Pb 2+ ions was studied. In order to investigate its selectivity for metal ions, distribution coefficient (Kd) was determined at different pH for each of Pb 2+ ions (Zhou et al. 2016) . The preliminary studies indicate that the time of equilibrium for the exchange of Pb 2+ ions with Kaolinite/Smectite-A and Kaolinite/Smectite-B was attained within 24 h. (sufficient to attain equilibrium). The distribution coefficient of the investigated metal ions in demineralized water cannot give us any indications about the selectivity of Kaolinite/Smectite-A and Kaolinite/Smectite-B for any of the cations studied (Pb 2+ ). In order to investigate its selectivity for the studied metal cation, the (Kd) was determined at different pH values. The results of Kd values are shown in Fig. 6 ) for Kaolinite/Smectite-A and Kaolinite/ Smectite-B at different conditions.
The linear relationship between log Kd and pH was observed for Pb 2+ ions with slopes (0.682) and Pb + , respectively. These slopes were not equal to the valence of the adsorbed metal ions, which provided the non-reality of the exchange reaction. These findings cannot be explained only in terms of the electrostatic interaction between the hydrated cations and the anionic sites in the exchanger. Therefore, it may be considered that the dependence of Kd for cations cannot be understood by a purely columbic interaction with the anionic sites, but may also be due to the formation of a covalent bond similar to a weakly acidic resin, such as the carboxyl. Acid and phosphoric acid, such interaction would be closely related to the ionic potential of the cation (Zhang et al. 2016a) . Figure 7 shows that the Kd values decreased for all the above-mentioned cations with the increase in the drying temperatures of Kaolinite/Smectite-A and Kaolinite/Smectite-B from 50 to 400 ± 1 °C. This trend may be attributed to the loss of free water and chemical bond water which may act as the exchangeable active site.
In the light of Fig. 8 , the Kd values increased for all the above-mentioned cations with the increase in the reaction temperatures of Kaolinite/Smectite-A and Kaolinite/ Smectite-B from 25 to 65 ± 1 °C, which revealed that all these systems are an endothermic reaction. This trend may CD be attributed to the mobility of the above-mentioned cations increased with increasing the reaction temperature, so the Kd values increased. These results agree with the data reported (Zhang et al. 2016b) ,while this result does not agree with the data reported by Fathy et al. (2014b) .
It was found that the distribution coefficient of Pb 2+ increased with increasing temperature from 298 to 338 K (i.e., the distribution coefficient decreased with increasing 1/T) as shown in Fig. 9 . This increase in the extent of adsorption with the increase in temperature was attributed to the acceleration of some originally slow adsorption steps and creation of some new active sites on the adsorbent surfaces. From the slopes and intercepts of these straight lines represented in Fig. 9 , the enthalpy change of adsorption (ΔH) and entropy change of adsorption (ΔS) were evaluated and are listed in Table 6 (Zuo et al. 2017).
Apparent capacity measurements
The ion exchange capacities of Kaolinite/Smectite-A and Kaolinite/Smectite-B samples for Pb 2+ ions have been determined as a function of pH with constant ionic strength (0.1). From Fig. 7 it was found that the capacity of Pb 2+ increases by increasing the pH. The increase may be attributed to the decrease of [H] + . The decrease of [H] + in solution facilitates the release of H + from the exchanger in solution leading to an increase of uptake% values and capacity (Fathy et al. 2015b) (Fig. 10) .
Effect of dosage
The adsorbent dosage is an important parameter for determining the efficiency of an adsorbent for a given initial concentration of adsorbate. The effect of Kaolinite/Smectite-A and Kaolinite/Smectite-B dosing on Pb 2+ removals was studied and is shown in Fig. 11 . The dependence of Pb 2+ adsorption on the dose was studied by varying the number of adsorbents from 1 to 5 g maintaining other pH parameters (pH 3 in the case of Pb 2+ agitation period (1 h) and constant metal ion concentration (125 mg/L). The adsorption efficiency in the first step increased with the adsorbent dose increase, and the percentage of removal of Pb 2+ with increasing amount of Kaolinite/Smectite-A and Kaolinite/ Smectite-B did not cause any significant changes in adsorption, which may be due to the overlap of adsorption sites as a result of adsorptive particle overlays (Zhang et al. 2016c ).
Effect of initial metal ion concentration
The absorption of Pb 2+ in adsorbents Kaolinite/Smectite-A and Kaolinite/Smectite-B is significantly influenced by the initial concentration of the metal ions solutions. Therefore, to study the initial concentration effect, parameters such as adsorbent dose (1 g), agitation time (1 h) and pH (pH 3) are kept constant and the concentration of Pb 2+ ion solution varies from The percentage removal was analyzed and there was an increase in the range from 39 to 59% from 75 to 125 ppm/L for Wasif 39-79% from 75 to 125 ppm/L for Bayda, respectively. Generally, as the metal ion concentration increases, the adsorption tends to decrease due to saturation of the adsorbent as shown in Fig. 12 . But in this study, the insignificant decrease was found by increasing the concentration of metal ions. This is due to a higher rate of adsorption and efficiency of the adsorbent through the use of all available active sites for the adsorption process (Yang et al. 2016) . Almost all Pb 2+ ions were adsorbed very rapidly on the surface of the adsorbent, showing that the adsorbent can be effectively used to remove heavy metal ions, even at very low concentrations, and Bayda, more effective than Wasif.
Effect of contact time
The experiments were carried out to test the effect of contact time in the adsorption process on Kaolinite/Smectite-A and Kaolinite/Smectite-B adsorbents. The adsorption experiments were carried out between 15 and 120 min at a constant dose of adsorbent (1 g), concentration of metal ions (125 mg/L) and pH 3.0. The results indicated that Pb 2+ adsorption increases with increasing contact time Fig. 13 . The initial rapid elimination rate was observed due to the availability of sufficient vague adsorption sites. Subsequently, the percentage of metal ions removal rate was significantly decreased due to the availability of limited vague premises. The equilibrium adsorption was reached at 45, 30 min for the adsorbents Kaolinite/Smectite-A and Kaolinite/Smectite-B. An additional increase in the contact time did not increase the uptake due to the deposition of metal ions in the adsorption sites available in the adsorbent materials (Suh et al. 2016) .
Modeling of kinetics
Pseudo-first-order kinetic model
The equation of the kinetic model of pseudo-first order was given by Lagergren; its linear form, the most popular form of the equation of the kinetic model of pseudo-first order is given below (Lin et al. 2017): where K 1 is a constant rate of pseudo-first order of the equation (min −1 ), and Q e and Q t (mmol/g) are the amounts of non-equilibrium adsorbed Pb 2+ , not time, respectively. (Q 1 and Q e cal) can be calculated from the slope and intersection of a log graph (Q e − Q t ) versus t. At a constant rate of adsorption of the pseudo-first order K 1 , an equilibrium adsorption capacity (Q e-lime ) and amount of equilibrium adsorption (Q e-exp ) two experiments or correlation coefficient (2) log(Q e − Q t ) = log Q e −K 1 2.303t Table 4 and Fig. 14. Table 4 shows that a theoretical equilibrium adsorption quantity (Q e-cal ), calculated from the kinetic model of the pseudo-first order, does not agree with the experimental values (Q e-exp ).
Pseudo-second-order kinetic model
The pseudo-second equation model assumes that the limiting step is the chemical adsorption or the chemical adsorption step involving the valence forces of the shared electrons or exchanged between the adsorbent and the adsorbed. This kinetic model has been widely used to describe trace elements and adsorption of organic compounds in two adsorbents Kaolinite/Smectite-A and Kaolinite/Smectite-B and is used to describe the adsorption kinetics of ions in adsorbent materials. The integrated and linearized form of the equation is given as (Duan et al. 2016): where k 2 (in grams per milligram per minute) is the pseudosecond-order constant adsorption rate. If a pseudo-second-order kinetics is applicable, the graph of t/qt versus t (Fig. 15 ) the two adsorbents Kaolinite/Smectite-A and Kaolinite/Smectite-B used will give straight lines q e and k 2 (Table 4) which can be determined from the slope and intersection of the plot, respectively.
Theory of adsorption
Adsorption isotherms
The adsorption equilibrium is typically described by an isothermal equation whose parameters articulate the surface properties and affinity of the adsorbent. The adsorption
isotherms can be generated based on many theoretical models where the Langmuir and Freundlich models are the most used. The Langmuir model assumes that the absorption of metallic ions occurs on a homogeneous surface by monolayer adsorption, without any interaction between the adsorbed ions. The model assumes the following form:
here C e is the equilibrium concentration of adsorbate (mg/L), Q e is the adsorbed amount (mg/g), and Q 0 (mg/g) and b (L/ mg) are the Langmuir constants. The Freundlich equation is an empirical equation based on adsorption on a heterogeneous surface. The equation is commonly represented by:
where Q e is the adsorbed amount (mg/g), C e is the equilibrium concentration of adsorbate (mg/L), and K f (mg L −1 /n L −1 /ng −1 ) en (g/L) are the characteristics of Freundlich System constants, which indicate the adsorption capacity and the adsorption intensity, respectively.
The relative values of Q m , b, K f and n obtained as calculated from Langmuir and Freundlich models of Pb 2+ on both Wasif and Bayda clay are listed in Table 5 . The results showed that experimental data are well fitted to the Freundlich isotherm. As shown in Table 5 , when Langmuir model was used to describe the adsorption of Pb 2+ onto Wasif and Bayda clay, the linear plot of C e /Q e versus C e with regression coefficients R 2 = 0.74 and 0.86 was obtained, and the maximum adsorption capacity of Wasif and Bayda clay for Pb 2+ was calculated to be 5.84 and 6.51 mg/g, respectively. Simultaneously, the linear plot of logged versus log C e with regression coefficients R 2 = 1 and 0.99 was obtained, and the Freundlich constant K f of Wasif and Bayda clay for Pb 2+ was calculated to be 1.17E−03 and 2.53, respectively. In each case, the value of n was > 1, indicating that adsorption n was favorable. And similar results were observed in previous studies on the adsorption of heavy metal ions attached to the isothermal Langmuir. On the basis of these results, it was concluded that the adsorption coefficients are in good agreement with each other to promote proper adsorption. The friendly ability is great, in keeping with its ability to take more metal ions. Both Langmuir and Freundlich suggested that the modified kaolin had much better absorption.
Effect of temperature
The extent of Pb 2+ adsorption on the oil shell Kaolinite/ Smectite-A and Kaolinite/Smectite-B at various temperatures is shown in Fig. 16 . As observed from the figures, temperature raises results in an increase in the removal a percentage of the metals ions. The enhancement of the adsorption capacity when the temperature is increased is due to increased mobility and diffusion of the ionic species. The adsorption experiment could be regarded as a heterogeneous and reversible process at equilibrium. The apparent equilibrium constant for the process is shown to be (Brudey et al. 2016 ):
The Gibbs free energy of the adsorption process is:
where ΔG is the Gibbs free energy change for the adsorption process (J mol −1 ); R the universal gas constant (8.314 J mol −1 K −1 ), while T is the temperature (K). The effect of temperature on the adsorption of Pb 2+ by oil shell Kaolinite/Smectite-A and Kaolinite/Smectite-B is listed in Table 6 .
Thermodynamics of Pb(II) adsorption
Thermodynamics of adsorption
Thermodynamic parameters can be determined using a constant equilibrium, K d (Q e /C e ), which depends on the temperature. The entropy (∆S) and entropy (∆H) associated with the adsorption process were calculated using the following equations (Anastopoulos et al. 2016; Sevim et al. 2016): where T (K) is the temperature and R (8.3145 J/mol K) is the ideal gas constant. The Gibbs free energy, ∆G, of specific adsorption is calculated from the equation:
According to Eqs. (8) and (9), ∆H, ∆S, and ∆G parameters can be calculated.
The plots of ln K d against 1/T are shown in Fig. 17 . The values of ∆H and ∆S of Pb(II) adsorption were calculated by fitting the experimental data to Eq. (8) as shown in Fig. 14 . ∆G values were obtained by using Eq. (9). The thermodynamic parameters for the adsorption of Pb(II) are given in Table 6 . The negative value of enthalpy change, ∆H, 1.50E−02 and 2.18E+07 kJ/mol for Wasif and Bayda clay adsorbents, respectively, indicated that the adsorption of Pb 2+ on both adsorbents was an endothermic process with adsorption onto unmodified adsorbent being more exothermic. The value of ∆S, for Wasif and Bayda clay, was 2.83E−02 J/molK and 79 J/mol K −1 , respectively. It indicated that Pb(II) in bulk phase (aqueous solution) was in a much more chaotic distribution compared to the relatively ordered state of a solid phase (surface adsorbent). The Gibbs free energy ∆G°, listed in Table 6 , as calculated for adsorption of Pb(II) Wasif and Bayda clay was − 185, − 345, − 584, − 744, − 904 kJ/mol and − 3540, − 4800, − 6700, − 7960, − 9230 kJ/mol, respectively, when the temperature was set at 303, 313, 328, 338, and 348 K. This suggests that adsorption of Pb(II) on the modified adsorbent was possible and thermodynamic thermal. However, the positive change in ∆G indicates that the adsorption forces were not strong enough to break the potential and eventually the right-handed interaction. (II) on the surface components of the unmodified adsorbent. In addition, the amount of Pb(II) adsorbed at five different temperatures showed a high-temperature rise accompanied by a decrease in entropy, and the Gibbs energy increased to adsorption of Pb(II) on Wasif and Bayda clay was favorable at higher temperatures (Sankararamakrishnan et al. 2016 ).
Conclusion
The results showed that the oil shell rock can be used to remove metal ions such as Pb(II) from the aqueous solution in metal ions. The adsorption capacity of Pb(II) in the clay of the caulinite is greater than other ions tested. There are several factors that affect the adsorption of metal ions in the caulinite clay; however, the pH is a significant impact on the adsorption of metal ions in the clay of the caulinite. In addition, the experimental data were better adjusted with the Freundlich equation than the Langmuir model. This indicated that, although the interactions were predominantly chemical, the adsorption sites were not uniform and non-specific in nature. In addition, the characterization of the caulinite clays showed the low surface ions adsorption onto oil shell Kaolinite/Smectite-A and Kaolinite/Smectite-B
